Figure 1. Archer1 is a bi-functional tool for optogenetic inhibition and sensing of neuronal activity. It is able to fluoresce when excited with red light, or pump protons out of the cell when excited with green light. H C : Hydrogen (proton). (Image reproduced with permission from Nicholas Flytzanis, Claire Bedbrook, and Viviana Gradinaru/California Institute of Technology.)
Researchers have widely used Arch for its green light inhibition of electrical signals when expressed in the cell membrane, and more recently have developed its red fluorescent voltage sensing characteristics (see Figure 1 ). Our research focused on further increasing the baseline fluorescence of Arch while retaining its other optimal characteristics, and showed how it can be used in living organisms. We selected for Arch mutants with enhanced fluorescence in E. coli, transferring the best hits to mammalian neurons. We then characterized their voltage sensitivity In our work, we discovered two mutants of Arch ('Archers': Arch with enhanced radiance), 1 Archer1 and Archer2, with fluorescence 5 and 3 higher than the wild-type sensor, respectively, which enabled imaging at >20 lower laser intensity than the original sensor, and 9 lower than most recent Arch variants. 2 Archer1's fluorescence, when expressed in the membrane of cultured neurons to which pulses of current are applied to elicit action potentials, is able to closely mimic the electrical waveform at 40Hz firing rate with 25-40% changes in fluorescence. 1 Thus, Archer1's higher baseline fluorescence, combined with increased sensitivity and comparable kinetics to the wild type, indicates that low baseline fluorescence is not a fundamental limitation of Arch-based voltage sensors, and that their use in intact tissues will be forthcoming.
Continued on next page
We demonstrated our genetically encoded voltage sensor in live nematodes 1 (see Figure 2) , an organism in which traditional electrophysiology is difficult, and whose cell-cell signaling voltage dynamics are still not well understood. The Archer approach provides a framework to compare previous calcium sensor monitoring of stimulus-evoked activity, and lays the groundwork for continued use of Arch-based sensors in vivo. At the same time, Archer1 retains its ability to pump protons outside of the cell in response to green light, while sensing voltage in response to red, without spectral overlap 1 (see Figure 1 ). As such, Archer1 can be used for all-optical perturbation and monitoring of neuronal circuits.
Our work on Archers 1 -and that of others on Arch-based 2 and various voltage sensors 3, 4 -has made strides toward implementing this approach to monitor large populations of cells in vivo. Our future work will focus on developing all-optical methods of dissecting neural circuitry in live complex organisms, based on Arch-based and fluorescent protein-based sensors. 
